The growing number of transvenous cardiac implantable electronic device (CIED)implantation
INTRODUCTION
The growing number of invasive transvenous procedures, including cardiac implantable electronic device (CIED) placement, facilitates detection of rare vascular anomalies. The, initially symmetrical, venous system in normally developing human embryos is composed of two pairs of cardinal veins, with the anterior cardinal veins draining the cranial part of the embryo. At the eighth week of gestation, the paired anterior cardinal veins anastomose to form the brachiocephalic vein (BCV). Any disruption of this stage of embryonic development may result in BCV anomalies, including a double left BCV, presented in this paper [3, 10, 11, 14, 17] .
The left BCV is formed by the confluence of the left internal jugular vein (IJV) and the left subclavian vein and is their anatomical continuation. The left BCV is typically located superior to the aortic arch and anterior to its main branches: the brachiocephalic trunk, the left common carotid artery, and the left subclavian artery. The left BCV enters the right superior mediastinum and joins the right BCV to form the superior vena cava (SVC) (Fig. 1) .
One of the consequences of developmental venous anomalies is the presence of a persistent left superior vena cava (PLSVC), detected in 0.3-0.5% of the general population, and occurring in three anatomical variations, differing in terms of the presence and course of the BCV [4, 9, 15, 16] .
In up to 1% of cases BCV anomalies are associated with congenital heart defects, such as tetralogy of Fallot, patent foramen ovale, or ventricular septal defect. The prevalence rates reported in the literature depend on the evaluated population and imaging techniques employed. In the population with no heart defects, the estimated prevalence of this venous anomaly is under 0.4% [1, 2, 7, 12] .
One of the infrequently occurring and reported BCV anomalies is the presence of a double left BCV [8, 11, 18] . In this form of the anomaly, the additional, left BCV typically courses posterior and inferior to the ascending aorta prior to joining the right BCV.
Here, we presented a variation of the double left BCV, with the upper and lower vessel running parallel to each other and superior to the aortic arch. This anomaly was detected incidentally during cardiac pacemaker implantation. The authors found no similar venous configuration reported in the available literature.
CASE REPORT
An 82-year-old male was qualified for permanent cardiac pacing due to a history of tachycardia-bradycardia syndrome with episodes of cardiovascular presyncope (sinus bradycardia, paroxysmal atrial fibrillation). On February 27, 2017, under local anaesthesia administered to the left pectoral region, the cephalic vein was dissected in the clavipectoral triangle. Following cephalic vein cutdown, we, unsuccessfully, attempted to advance a lead through the venous system ( Fig. 2A, B) . In order to determine the reason behind the encountered difficulty, venography was performed, with the contrast medium administered through the cutdown incision ( Fig. 2A, C) .
A contrast agent, administered to visualise full topography and morphometry of the venous system in the superior mediastinum, revealed the presence of two patent left BCVs.
Both vessels coursed above the aortic arch and anteriorly to its arterial branches. The lower vessel of the left BCV drained to the already formed SVC somewhat below the confluence of the upper left BCV with the right BCV. One characteristic morphological feature of the lower vessel of the left BCV was a vertical course of its initial segment and its nearly right-angle bend at the level of the aortic arch. This shape of the lower vessel of the left BCV prevented lead advancement (Fig. 2B) . Eventually, a DDD-mode Sensia DR pacemaker (Medtronic) was implanted subcutaneously in the left pectoral region, with both leads (an atrial lead, model 5076-52, and a ventricular lead, model 5076-58) inserted via subclavian vein puncture and advanced through the upper vessel of the double left BCV.
Postoperative computed tomography angiography of veins in the superior mediastinum showed detailed topography and morphometry of the double left BCV, which helped determine its spatial correlation with neighbouring anatomical structures (Fig. 3B, C) .
DISCUSSION
Normal formation of the venous system during embryonic development produces the left BCV coursing obliquely from the left to the right in the superior mediastinum, superoanteriorly to the aortic arch to join the right BCV and form the right SVC.
One of the rare developmental abnormalities of the BCV is associated with another developmental venous anomaly in the form of the PLSVC. This anomaly occurs in three anatomical variations. In the case of bilateral SVC both vessels are connected by a "venous bridge" and form the right and left BCVs. In rare cases of isolated PLSVC the "venous bridge" formed by both BCVs is connected only to the PLSVC due to agenesis of the right SVC. An equally rare variation is the presence of bilateral SVC with concomitant agenesis of both BCVs [9, 15, 16] .
Another rarely detected and reported type of left BCV anomaly is the presence of an additional left BCV.
In cases when such an extra vessel forms, it typically courses lateral to the aortic arch and passes underneath it to eventually join the right BCV posterior to the ascending aorta [1, 5, 12] .
We believe the rates of left BCV variations are higher than suggested by the number of reported cases. These venous anomalies escape detection during invasive procedures when cardiac leads can be successfully advanced through venous lumina and there is no need for intraoperative imaging. For example, if the anatomical layout of the double left BCV draining into the SVC is favourable, a chance insertion of the guidewire into the lower vessel of the double left BCV is possible (Fig. 4A, B) . De-novo CIED implantation typically involves the use of veins coursing in the left clavipectoral triangle. Some centres perform de-novo CIED implantation procedures on the right side (whether on the patient's request or due to past injury to the left pectoral region or for other reasons). Such situations limit the rate of double left BCV detection, which precludes accurate estimation of the rates of this anomaly.
There is a case report describing the co-existence of both anomalies (PLSVC and double left BCV), with the additional vessel of the double left BCV branching off the PLSVC [13] . This is similar to the case reported by Kawamura et al. [8] , where -as in the case presented here -the shape of the initial segment of the lower vessel of the left BCV resembled a partly formed and haemodynamically patent PLSCV (Fig. 2C, D) . This aetiology may be supported by reports that include the morphometry and topography of fully developed PLSVC [16] . In the case presented here, the remaining part of the PLSVC may have undergone physiological atrophy in the embryonic period.
Despite being clinically asymptomatic, a double left BCV, if present, may significantly affect the course of various invasive procedures, just as it did in the case presented here. The rates of detecting venous anomalies during CIED-related procedures will increase along with the growing number of these procedures. This is due to a growing variety of CIEDs, with devices offering tachyarrhythmia management and cardiac resynchronisation therapy devices becoming more and more common [6] .
Limitations of the study
The theory as to the developmental precursor of the initial segment of the lower vessel of the double left BCV may seem dubious; nonetheless, considering the morphometry and topography of PLSVC cases reported in the literature, it is -in fact -highly probable.
CONCLUSIONS

